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LED LIGHT SOURCES FOR IMAGE 
PROJECTION SYSTEMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of US. appli 
cation Ser. No. 10/638,579 “Light Emitting Diodes Pack 
aged For High Temperature Operation” ?led by Joseph 
MaZZochette et al. on Aug. 11, 2003 now US. Pat. No. 
7,095,053 Which, in turn, claims the bene?t of US. Provi 
sional Application Ser. No. 60/467,857, of the same title, 
?led May 5, 2003. The ’579 and ’857 applications are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention relates to image projection systems and, in 
particular, to LED light sources for image projection sys 
tems and to systems employing such sources. 

BACKGROUND OF THE INVENTION 

Image projection systems are important communication 
tools. They permit the conversion of digital or analog 
information into visual images that can be vieWed by 
audiences as small as one and as large as several thousand. 

While there are a Wide variety of image projection sys 
tems varying from simple slide projectors to Imax theaters, 
most such systems use high intensity discharge lamps (HID 
lamps) to project an image. Unfortunately, HID lamps 
present serious problems in use. 
A typical HID lamp comprises a pair of electrodes in a 

glass bulb (typically fused quartz) ?lled With metallic vapor. 
A voltage applied betWeen the electrodes creates an arc of 
rapidly moving electrons betWeen the electrodes. When the 
electrons collide With atoms of the metallic vapor, the 
collisions temporarily excite the atoms, and When the atoms 
drop back to their unexcited states, they emit light. Because 
of the ease With Which mercury can be vaporized, it is Widely 
used in HID lamps. To obtain an adequate density of vapor 
atoms, the mercury must typically be heated to relatively 
high temperature (hundreds of degrees Centigrade) and high 
pressure (hundreds of PSI). Indeed bulb surface tempera 
tures in HID lamps can reach 5900 C., and the lamps can 
reach pressures of 450 PSI. 

The heat and pressure in HID bulbs present a number of 
operational dif?culties. The heat presents risks of ?re, burn 
injury to users and heat damage to nearby components. The 
pressure presents a risk of bulb explosion and a consequent 
speWing of hot fragments and toxic mercury. Achieving the 
necessary heat takes time, preventing a projector from rapid 
display, and once the needed heat is achieved, the exterior of 
the bulb and the surrounding equipment must be cooled With 
fans. The bulbs and the cooling fans reduce system reliabil 
ity, and the noise of the fan is unacceptable for many 
applications such as home theaters. 

Accordingly, there is a need for improved light sources for 
image projection systems and for image projection systems 
that can employ such improved sources. 

SUMMARY OF THE INVENTION 

In accordance With the invention a light source for an 
image projection system comprises one or more LEDs 
packaged for high temperature operation. Advantageously, 
the LED die are disposed on a package comprising a ceramic 
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2 
coated metal base including one or more underlying thermal 
connection pads, and underlying electrical connection pads, 
each LED die thermally coupled through the metal base to 
a thermal connection pad and electrically coupled to elec 
trical connection pads. The LED can be mounted directly on 
the metal of the base or on a thin coating of electrical 
insulator on the metal. Arrays of LED die thus packaged are 
advantageously fabricated by the loW temperature co-?red 
ceramic-on-metal technique (LTTC-M) and can be referred 
to as LTTC-M packaged arrays. The LEDs are advanta 
geously mounted in an array of cavities having tapered sides 
to re?ect light from the LEDs. The high temperature LED 
light sources can substitute for HID lamps in a variety of 
front and rear projection systems and displays. They are 
particularly useful for rear projection systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The advantages, nature and various additional features of 
the invention Will appear more fully upon consideration of 
the illustrative embodiments noW to be described in detail in 
connection With the accompanying draWings. In the draW 
ings: 

FIG. 1 is a schematic diagram of an improved DMD 
image projector using a high temperature LED light source; 

FIGS. 2A and 2B are schematic diagrams of an improved 
LED projector using high temperature LED light sources; 

FIG. 3 is a schematic cross section of a ?rst embodiment 
of an LED packaged for high temperature operation; 

FIG. 4 illustrates hoW circuit components can be added to 
the overlying ceramic layer; 

FIGS. 5A and 5B illustrate exemplary light dispersive 
cavities in the ceramic layer; 

FIG. 6 is a schematic cross section of an alternative 
embodiment of an LED; 

FIGS. 7, 8 and 9 shoW alternative embodiments of the 
packaged LED; 

FIG. 10 depicts an array of LEDs in accordance With the 
embodiment of FIG. 3; 

FIG. 11 illustrates, in schematic cross section an array that 
is particularly easy to fabricate; 

FIGS. 12 and 13 are top vieWs of advantageous arrays; 
FIG. 14 shoWs the inventive LED array as a plug in card; 
FIG. 15 shoWs the card of FIG. 14 mounted on an 

additional external heatsink; 
FIGS. 16 and 17 are a top and side vieW of ?ip-chip die 

bonded to the traces of an LTCC-M package by solder or 
gold balls; 

FIG. 18 shoWs conductive traces in an LTCC-M package; 
FIG. 19 shoWs a single LED package having isolated base 

terminals and vias; 
FIG. 20 shoWs the package of FIG. 19 adapted for a 

plurality of LED die; and 
FIG. 21 shoWs a round punch tool for forming a tapered 

cavity. 
It is to be understood that these draWings are for illus 

trating the concepts of the invention and are not to scale. 

DETAILED DESCRIPTION 

This description is divided into three parts. Part I 
describes exemplary projection systems using high tempera 
tures LED light sources. Part II describes the structure and 
fabrication of high temperature LEDs. And Part III describes 
LTCC-M packaging of high temperature LEDs. 
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l. Exemplary Image Projection Systems Using High Tem 
perature LED Light Sources 
An image projection system comprises, in essence, a light 

source and an image de?ning element for receiving light 
from the source and modulating the distribution of light to 
transmit or re?ect a desired image. The desired image may 
be speci?ed electrically (as by a digital signal) or graphically 
(as by a photographic slide). The system may project onto 
the front of a vieWing screen (front projector) or onto the 
rear of a vieWing screen (rear projector). TWo important 
types of image projectors are digital micromirror projectors 
(DMD projectors) and liquid crystal display projectors 
(LCD projectors). High temperature LED light sources 
provide unique advantages for each projector type. 

A. DMD Projectors 
DMD projectors use digital micromirror devices (DMDs) 

to de?ne an image to be projected. A DMD is typically an 
optical semiconductor device comprising an array of micro 
scopic mirrors. It may include a million or more micrometer 
scale mirrors, and each mirror can be electrically sWitched 
betWeen a ?rst position (ON) Which re?ects impinging light 
onto an image screen and a second position (OFF) Which 
does not re?ect onto the screen. The aggregate of the 
sWitched mirrors re?ected onto the screen thus de?nes an 
image. By sWitching these individual micromirrors ON and 
OFF at high speed, the DMD projector system can translate 
a digital signal into a projected moving image. 

FIG. 1 is a schematic diagram of an improved DMD 
projecting system 1 using a high temperature LED light 
source 2 in accordance With the invention. The system 1 
comprises a light pipe 3, focusing optics 4 (schematically 
illustrated), a DMD 5 and a vieWing screen (not shoWn) to 
receive the projected image. The light source 2 can comprise 
an arrayed plurality of red, green and blue high temperature 
LEDs (10R, 10G, 10B respectively). The LEDs 10 are 
sWitchable so that sub-arrays of red, green and blue diodes 
are separately sWitched on and off. The light pipe 3 assists 
in con?ning emitted light to paths directed toWard the DMD 
5. 

In operation, a sequence of images interpreted by the eye 
as a moving colored image can be projected by successively 
sWitching on the sub-arrays of respectively different colored 
LEDs and synchronizing the sWitched colors With sWitched 
mirror con?gurations. The mirror con?gurations produce the 
appropriate red, blue and green image portions of each 
desired composite colored image. The composite images can 
be modulated in time to produce to a vieWer the appearance 
of a moving colored image. 

The LED array light source 2 should have high sWitching 
speed, high brightness, and small siZe. If the array produces 
light With a source siZe that is larger than the acceptance 
capacity of the DMD 5, light produced by the source Will be 
lost. The individual LED die 10 are thus desirably closely 
spaced to form a nearly single light source. Such a concen 
tration of LEDs 10 requires rapid removal of excess heat. 
OtherWise the heat Will degrade the light output and reduce 
LED life and reliability. LED light sources packaged for 
high temperature operation, particularly LTCC-M packaged 
diodes, are thus highly advantageous for this projection 
system. Advantageously the LED die are disposed on a 
package comprising a ceramic-coated metal base including 
one or more underlying thermal connection pads and under 
lying electrical connection pads. Each LED die is thermally 
coupled through the metal base to the thermal connection 
pad and electrically coupled to the electrical connection 
pads. The LED die can be mounted directly on the metal of 
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4 
the base or on a thin coating of electrical insulator on the 
metal. Advantageously, the LEDs are mounted in cavities 
having tapered sides to re?ect light from the LEDs. 

While the above-described exemplary embodiment uses a 
light source comprising red, green and blue high tempera 
ture LEDs, it should be understood that sets of other colored 
LEDs could be used so long as the colors can be combined 
into a substantially complete range of visible colors. More 
over, LEDs in other colors can be added to improve the color 
gamut, e.g. red, green and blue LEDs can be supplemented 
by cyan and amber LEDs. 

It should also be recogniZed that the high temperature 
LEDs need not be “colored”. The source can be comprised 
of one or more high temperature “White” LEDs and a 
rotating color Wheel With ?lter sectors that are red transmit 
ting, green transmitting and blue transmitting. The Wheel 
can be disposed betWeen the source and the DMD to project 
colored images. The color Wheel can also be dispensed With, 
and a White or colored LED can be directed onto the DMD 
to project a “gray scale” or single color image. The White 
LEDs can be made With a UV LED impinging on a RGB 
(red-green-blue) phosphor or a RGB phosphor mixed With 
blue and yelloW phosphors. 

B. LCD Projectors 
An LCD projector uses an LCD display to de?ne an 

image. The LCD display typically comprises a liquid crystal 
solution suspended betWeen glass plates. When an electric 
current betWeen is passed through the solution, the current 
causes the crystals to align in a certain con?guration. An 
array of electrodes can be provided for sWitchably applying 
current to speci?c small regions of the solution. As a result, 
light can pass through some crystal regions (ON) and not 
through others (OFF), thereby producing a projectable 
image. 

FIGS. 2A and 2B are schematic diagrams of an improved 
LCD projector 6 using high temperature LED light sources 
7R, 7G, 7B comprising red, green and blue LEDs, respec 
tively, to illuminate, via light pipes 3, LCD displays 8R, 8G, 
and 8B that transmit red, green and blue. The displays are 
disposed along three sides of a trichroic prism 9 Which 
combines the red, green and blue images into a composite 
color image that is projected onto vieWing screen S. FIG. 2A 
depicts projection of an image onto the front of vieWing 
screen S, and FIG. 2B depicts projection of an image onto 
the back of vieWing screen S. The LCD displays can be 
modulated With electrical signals to generate the red, green 
and blue portions of a sequence of composites that appear to 
a vieWer as a moving colored image. The high temperature 
LED light sources 7R, 7G, 7B provide for LCD projectors 
advantages similar to those provided for DMD projectors. 
The light sources are preferably LTTC-M packaged diodes. 

It Will be appreciated that the high temperature LED 
sources could alternatively be high temperature White LEDs 
With ?lters for transmitting red, green and blue respectively 
to the trichroic prism. Alternatively, for a gray scale display, 
the trichroic prism can be dispensed With and a White or 
colored high temperature LED light source can be used to 
illuminate the LCD. 
The preferred light sources 2, 7 for projector applications, 

comprise arrayed pluralities of high temperature LEDs 10. 
The LED die are advantageously mounted directly on the 
surface of a metal core or separated from the core by a thin 

layer (éabout 15 micrometers) of electrically insulating and 
thermally conducting material. The metal core is advanta 
geously a thermally conducting metal (2 about 170 W/mK) 
to keep the die cool during operation. The metal core also 
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has a loW TCE close to the TCE of the LED die (eg about 
6 ppm/0 C.) to minimize stress on the LED die during 
operation and over a Wide temperature range (-55 to 1250 
C.). The combination of loW stress and high heat sinking 
ability makes possible a high concentration of LED die in a 
very small area. The structure and fabrication of such LED 
light sources is noW described in detail. 

II. The Structure and Fabrication of High Temperature 
LED’s 

FIG. 3A is a schematic cross section of an LED die 10 
packaged for high temperature operation. LED die 10 is 
mounted overlying and thermally coupled to a metal base 11. 
Advantageously the metal base 11 includes a patterned loW 
thermal resistance, electrically insulating layer 12 to provide 
electrical insulation from the base 11 and a patterned con 
ductive layer 13 to provide thermal coupling and electrical 
connection. The layers 12 and 13 can be patterned to provide 
insulation or electrical connection regions as desired. An 
LED 10 having an anode 10A and a cathode 10C can be 
mounted overlying the base 11 by solder bonding the 
electrodes 10A and 10C to conductive pad regions 13A and 
13C of patterned conductive layer 13. 

Electrical connections may be made through the metal 
base 11 to underlying electrical connection pads 15A and 
15B using electrically insulated vias 14 or the metal of the 
base 11. Solderable electrical connection pads 15A and 15B 
may be deposited on the underside of metal base 11 to permit 
surface mounting of the base 11 on a printed circuit board 
(not shoWn). The remaining areas of the base 11 may be 
provided With one or more thermal connector pads 16 to 
carry heat from the LED package to the printed circuit 
board. Advantageously the base 11 makes contact With 
plated through holes (not shoWn) in a printed circuit board 
during solder assembly. Such through holes Would transfer 
heat from the diode package into the PCB carrier (typically 
aluminum or copper). 

Overlying the base 11, one or more ceramic layers 17 can 
be added to the surface of the package. The ceramic layers 
on the base 11 form a cavity 18 around the LED 10. The 
shape of the cavity Walls, as Will be discussed beloW, can 
affect the distribution of light from the LED 10. The ceramic 
layer 17 can include circuitry for connecting multiple diodes 
in an array, electrostatic discharge protection circuitry, diode 
control and poWer supply connections and other surface 
mount components (not shoWn in FIG. 3). 
A transparent cover 19 can be provided by bonding a 

transparent clear cover or lens over the cavity 18 (as by 
epoxy). The seal can be made hermetic by addition of a 
bonding pad and braZed seal ring (not shown). 

In an advantageous embodiment, the metal base 11 is 
copper/molybdenum/copper (CMC), the loW thermal resis 
tance electrical insulating layer 12 (about 2 micrometers) 
can be an oxidiZed layer of the metal base, deposited glass 
or another deposited insulator such as nickel oxide (about 2 
micrometers), and the conductive layer 13 can be gold, 
silver or other suitable conductor. The LED electrodes 10A, 
10C can be solder bonded to the gold bonding pads 13A, 
13C by AuSn solder. The underlying pads 15 and 16 for 
electrical connection and heat sinking are preferably PdAg 
and Ag, respectively. 
As shoWn in FIG. 4, the ceramic layer 17 overlying base 

11 can be composed of a plurality of ceramic layers 17A, 
17B, 17C and 17D. Each ceramic layer can include circuit 
components for poWering, controlling, protecting and inter 
connecting LEDs. While the circuitry Will vary for different 
applications, FIG. 4 illustrates hoW to add surface mounted 
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6 
active devices 20, buried capacitors 21, connectors 22, 
interconnecting vias 23, and buried resistors 24. The metal 
base 11 With overlying ceramic layer 17 incorporating 
circuitry can be fabricated using the loW temperature co 
?red ceramic on metal technique (LTCC-M) described, for 
example, in US. Pat. No. 6,455,930 issued Sep. 24, 2002 
and incorporated herein by reference. 

Since a good amount of light is emitted from the edges of 
LED die, the shape of the ceramic cavity is an important 
factor in the total light e?iciency. The ceramic cavity Walls 
can be formed in a variety of Ways including embossing, 
coining, stamping, forming by lamination, or routing the 
ceramic in the “green” or un?red state. 

FIGS. 5A and 5B illustrate exemplary light dispersive 
cavities for the LED of FIG. 3. In FIG. 5A the cavity 18 is 
provided With Walls 30 having straight taper. In FIG. 5B, the 
Walls 31 have a parabolic taper. In general, each diode cavity 
18 can be shaped to improve the light output and focus. 
White ?red glass ceramic is re?ective and disperses light to 
reduce the appearance of bright spots. The re?ectivity of the 
cavity surface can be increased by polishing the surface or 
by applying a re?ective coating such as silver, as by spray 
ing, painting, sputtering or chemical vapor disposition. It is 
advantageous to smooth the side Walls so that applied 
materials such as epoxy Will shrink back and form a re?ec 
tive gap. 

FIG. 6 is a schematic cross section of an alternative 
embodiment of a single LED packaged for high temperature 
operation. In this embodiment a lens 40 overlying the LED 
10 replaces the ceramic layer 17, cavity 18 and lens cover 
19. The other features of the FIG. 6 device are substantially 
the same as described for the FIG. 3 device. 

Other variations of the high temperature LED Would 
include a LED die With a single electrode on the bottom of 
the package With the second electrode as a Wire bondable 
pad on the top side. Or both electrodes could be on the top 
surface With Wire bonding to each. 

FIG. 7 is a schematic cross section of an alternative LED 
packaged for high temperature applications. The FIG. 7 
device is similar to FIG. 3 device except that the metal base 
51 is formed, as by coining, to include a concave light 
re?ecting cavity 52 around the LED die 10. FIG. 7 also 
illustrates that the LED die 10 can have one of its electrodes 
53 on its top surface. The top electrode 53 can be connected, 
for example by a bonding Wire 54 to a top bonding pad 55 
on the ceramic 17 and through via 57 including insulated via 
section 56 to the bonding pad 15A underlying the formed 
metal base 51. The other LED electrode can be on the 
bottom surface connected to bonding pad 59 and further 
connected by Way of the metal base and via 57 to the second 
underlying bonding pad 15B. The formed metal base 51 can 
be provided With underlying ceramic supports 58A, 58B so 
that underlying bonding pads 15A, 15B are coplanar With 
thermal base connector 16. This arrangement presents pads 
15A, 15B and connector 16 in a single plane for surface 
mount connection onto a PC board. 
The embodiment of FIG. 8 is similar to that of FIG. 7 

except that the LED 10 is mounted on the ceramic layer 17 
rather than on the formed metal base 51. Here the ceramic 
layer 17, conforming to the coined metal base, acts as a light 
re?ector. The bottom electrode of the LED 10 can be 
connected to metal base 51 by Way of a bonding pad 60 and 
conductive vias 61 through the ceramic to the base 51. The 
vias 61 are constituted and dimensioned to conduct heat as 
Well as electricity. 
The FIG. 9 embodiment is similar to the FIG. 7 embodi 

ment except that the cavity 18 in the ceramic layer 17 is 








